a Introduction The aim of this study was to assess the interobserver and intraobserver reproducibility, as well as the temporal variability of the new Complior Analyse assessing aortic pulse wave velocity (PWV).
Introduction
Cardiovascular diseases are responsible for a high proportion of global morbidity and mortality, constituting a public health problem of the highest magnitude worldwide [1] . Given the fact that arteries are the place, the target, and the common denominator of cardiovascular diseases, the study of vascular function has gained considerable support and reached a level of high importance. The role of the arterial system is also crucial in the physiopathology of one of the major cardiovascular risk factors, hypertension, considered a major problem and public health challenge [2] .
Bearing in mind that the involvement of the arterial system expresses the early stages of the continuum of cardiovascular diseases, the development of methods for the study of arterial function is a critical clinical requirement. In this sense, several methodological options have been developed, including the Complior device, which has been considered as the reference method for evaluation of aortic stiffness by measurement of aortic pulse wave velocity (PWV) [3] . Several cohort studies have reported the usefulness of PWV for the prediction of cardiovascular events in different clinical settings [4] [5] [6] [7] [8] [9] [10] [11] [12] [13] [14] [15] [16] [17] [18] [19] [20] [21] . Furthermore, a recent meta-analysis [3] unequivocally reinforced this notion, showing the clinical utility of PWV for risk stratification, whereas others have shown that adding PWV to conventional risk factors improves cardiovascular risk stratification achieved with conventional risk scores [19] [20] [21] .
However, several studies have evaluated the reproducibility of this method, indicating that the evaluation of PWV with the Complior is reliable and reproducible, adding evidence to the suitability of the method to clinical practice as the standard method for PWV measurement [22] [23] [24] [25] [26] [27] [28] . However, all of these studies were based on the previous generations of the device, so that no data exist on the more recent version of the device -the Complior Analyse (Alam Medical, Paris, France). This new version of the device represents a step toward a simultaneous multisignal/parameter platform as it allows for the traditional PWV measurement simultaneously recording the carotid arterial pressure curve and estimating central pressure wave parameters. To achieve this important feature, considerable hardware and software changes had to be made in the Complior, whose impact in terms of overall performance is not known, although expected.
Thus, the aim of this study was to evaluate the interobserver and intraobserver reproducibility of the Complior Analyse in measuring aortic PWV and relating it to previous generations of the same equipment.
Methods

Population
The study included 87 participants (60% men) whose fundamental characteristics are summarized in Table 1 . The mean age of the sample was 34.26±16.58 years, ranging from 18 to 90 years. In clinical terms, about 39% of the patients (n = 34) were smokers, 27.8% (n = 25) had hypertension, 17.2% (n = 15) were diabetic, and 23% (n = 20) had dyslipidemia. Coronary heart disease was found in 15 patients (17.2% of the sample). All clinical evaluations were performed at rest without previous consumption of coffee or tobacco in a period of 12 h before the procedure. All participants provided their informed consent to participate in the study.
Procedure
All evaluations were performed in the morning in a laboratory under appropriate conditions and controlled humidity, temperature, light, and sound. Relevant demographic and clinical data were collected.
We used a clinically validated -Class A -automatic blood pressure measurement device (Colson MAM BP 3AA1-2; Colson, Paris) [29] with the cuff adjusted to the participant's arm circumference. Three consecutive measurements were taken in the right arm, with an interval of 2 min between measurements. The average SBP, DBP, and heart rate was considered for analysis. Pulse pressure (PP) was calculated as PP = SBP -DBP and the mean arterial pressure as MAP = DBP + 1/3PP.
Aortic stiffness was assessed in all participants by measuring the carotid-femoral PWV according to a previously described technique [22] . PWV was measured with the patient in the supine position after a 10-min resting period. The operator located the carotid and femoral arteries and marked the point for capturing the corresponding pressure curves with two specific pressuresensitive transducers. The distance between the carotid and femoral arteries was than measured directly and entered into the Complior Analyse software. Brachial blood pressure was measured and entered into the Complior Analyse software, and then signal acquisition was launched. The operator positioned the carotid sensor with the help of its specific holder and manually held the femoral sensor on the femoral artery. When the operator observed pulse waveforms of sufficient quality, simultaneous carotid and femoral pressure curves were recorded for 15 s. The time delay (aortic transit time) between the two pulse waveforms was calculated automatically according to the intersecting tangent algorithm (as recommended previously in Reference Values for Arterial Stiffness' Collaboration [30] ). The distance traveled by the pulse waveforms was measured between the two recording sites directly on the body surface and was corrected automatically according to the equation '0.8 Â direct distance', subtracting the manubrium-to-carotid distance as recommended previously in Van Bortel et al. [31] . PWV was then calculated using measurements of transit time and distance traveled by the pulse wave between the two recording sites. PWV evaluations were performed sequentially by two independent and properly trained operators. Thus, three PWV measurements were obtained per participant, in a factorial design comprising one device (Complior Analyse) and two independent observers (Fig. 1) , to enable the evaluation of intraobserver and interobserver reproducibility. In a group of 27 participants, the PWV was again determined by one observer (always the same operator) about 1 month after the first sampling time to evaluate the stability of results over time. DBP, diastolic blood pressure; HR, heart rate; MBP, mean blood pressure; PP, pulse pressure; PWV, pulse wave velocity; SBP, systolic blood pressure. The quality of the PWV records was subsequently evaluated by two independent observers with considerable experience in this methodology.
Statistical analysis
The data of participants in the sample were computerized and processed using STATA software, version 11 
Reproducibility analysis was based on the procedures recommended by Bland-Altman [32] . The correlation between measurements was determined (Pearson's r and regression analysis) and Bland-Altman plots (a chart with relative differences between each pair of measurements in relation to its average) were obtained and analyzed. Differences between measurements were expressed as mean difference±SD, with corresponding confidence intervals as recommended in Bland-Altman analysis [32] . Diagnostic agreement analysis was based on the determination of the K coefficient. The intraclass correlation coefficients were determined to assess the overall strength of agreement.
The criterion for statistical significance used was a P-value of r 0.05 to a 95% confidence interval.
Results
The strength of agreement for intraobserver, interobserver, and temporal measurements are shown in Table 2 , documenting a very strong overall agreement in all the situations considered (lowest limit of intraclass correlation's 95% confidence interval greater than 0.9). The mean PWV values obtained for each pair of measurement conditions provided added evidence on this strong agreement as the mean differences were quite small and nonsignificant.
The Bland-Altman analysis for the three conditions considered is shown in Fig. 2 and showed very good concordance between measurements, with differences mainly located between 2 SDs, substantiating the abovementioned correlations. The reproducibility was maintained along the continuum of PWV values, indicating clearly that the performance of the methods was independent of the estimated value. A regression analysis was also carried out to evaluate the influence of some relevant clinical variables (blood pressure, heart rate, BMI, age, and sex) on the reproducibility of the PWV measurements, showing no relation with intraobserver, interobserver, and temporal variability under any of the conditions considered.
The mean differences for intraobserver and interobserver measurements are shown in Fig. 3 , and paralleled the results of our previous study for the preceding generations of the Complior device [28] . For the intraobserver variation, the mean difference was 0.02±0.38 m/s and for the interobserver variation, a difference of 0.10±0.45 m/s was found. In either case, the differences were smaller than the ones reported previously for the third generation of the Complior device, although the general profile of this technology remains excellent across the gamut of the Complior method. The differences for the temporal variability were also very small (0.07±0.51 m/s), indicating an excellent performance of the methodology, an aspect that was reinforced in a diagnostic agreement analysis, in which PWV was dichotomized into normal/ abnormal, on the basis of previously published normalcy criteria for the Portuguese population [32] . The K coefficient was above 0.98 (P < 0.00001), indicating that PWV classification was not affected by the intraobserver or interobserver differences, thus reinforcing the good diagnostic profile of this methodology for the measurement of aortic PWV.
Discussion
The large arteries are known to be affected significantly by clinical conditions that determine cardiovascular diseases that, in turn, are the major cause of mortality and morbidity in modern societies [1, 2] . This finding emphasizes the importance of an early assessment of arterial function, which is considered a common bond of organ damage because of cardiovascular risk factors. This has led to the development of new methodologies aiming to evaluate hemodynamic features that are dependent on the normal arterial functioning.
Particularly, arterial stiffness has received increasing support as an important factor for cardiovascular risk stratification, given the accumulated evidence showing its usefulness in several clinical settings, such as diabetes, arterial hypertension, dyslipidemia, impaired renal failure, and aging, among others [4] [5] [6] [7] [8] [9] [10] [11] [12] [13] [14] [15] [16] [17] . Other studies have also shown the importance of assessing central arterial pressures, as well as other parameters of ventricular-vascular interaction, such as the augmentation index [27] [28] [29] [30] [31] .
Currently, the Complior method is considered the gold standard for aortic PWV evaluation [22] , combining a good overall technical profile in terms of simplicity and low cost, which adds to the vast number of clinical studies supporting this technology [4] [5] [6] [7] [8] [9] [10] [11] [12] [13] [14] [15] [16] [17] [18] [19] [20] [21] . Naturally, one fundamental requirement for the clinical implementation of any technology refers to its reproducibility, an aspect that has been demonstrated previously for the different generations of the Complior device [28] . However, a new generation of the Complior device -Complior Analyse -has been made available recently, offering the possibility for simultaneous PWV and central pulse wave analysis. The extent to which the technological modifications introduced in this new version of the device will affect its reproducibility profile remains uncertain, an aspect that motivated the present work.
Our results showed an excellent reproducibility of the method, both in terms of immediate intraobserver and interobserver variability and even when considering the stability of the PWV measured at different times (1-month interval) by the same operator. The high reproducibility profile documented in our results, with very small mean differences for paired measures, and strong correlations, even when adjusting for important clinical features, such as age, BMI, sex, heart rate, and BP, confers additional support to the excellent technical features of the Complior method for the evaluation of aortic PWV. In fact, the discrepancies between measurements were so small that they did not produce significant diagnostic changes when PWV was classified as normal/ abnormal in accordance with previously published criteria (Cohen's K > 0.98, P < 0.001) [31] . However, and comparing the mean differences obtained for It is important to stress that the reproducibility profile of the method relies on a strict compliance with the technical requirements of this method [22] . It is essential to include a resting period of B10 min before arterial pulse acquisition to ensure that PWV is acquired under a baseline and hemodynamically stable condition. Also, and notwithstanding its technical simplicity, this methodology demands an adequate amount of training; thus, it should be performed by an experienced, adequately trained professional with a good theoretical knowledge of arterial physiology and hemodynamics.
An important clinical challenge that remains to be answered refers to the classification of PWV and its integration into risk score algorithms [19] [20] [21] . Some proposals are already available, although no consensual approach for the definition of normality still exists, with some groups arguing in favor of an operational approach, whereas others propose a more conservative statistical definition [4, 5, 22, 31, 33] .
Given the current scientific evidences, it is becoming increasingly clear that PWV must be included in daily practice in all clinical settings in which cardiovascular impact is clear and expected. This method combines a remarkable technical simplicity with a minor cost, in addition to an excellent reproducibility (as shown in this study), and to a large body of scientific evidence supporting its use, thus making it a good choice for clinical and epidemiological purposes. The next challenge will be to validate PWV as a therapeutic target as its usefulness for risk stratification is clearly beyond doubt. Mean intraobserver and interobserver differences in pulse wave velocity estimation with the Complior Analyse. Intraobserver (a) and interobserver (b) differences and its relation to previous generations of the Complior device. Adapted from Pereira and Maldonado with permission [28] .
